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OCCUPATION-SIMULATING ISOKINETIC STRENGTH OF  INFANTRYMEN
 IN  THE SOUTH  AFRICAN  NATIONAL  DEFENCE FORCE 
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ABSTRACT
Isokinetic work-simulation packages have not been widely exploited by researchers and this study aimed to assess
how effectively occupation-simulating tasks could identify the capabilities of recruits and be applied in the military
context.  In this study the isokinetic strength responses of military personnel (N=42) were recorded and used to
establish benchmark data on a population not previously tested.   
INTRODUCTION
The practice of load-carriage by military personnel  has received much attention as a result of a high incidence of
injury (Haisman, 1988; Frykman et al.,  1994; Knapik et al.,  1996).  Despite the importance of strength
requirements in military contexts, musculo-skeletal assessments using isokinetic dynamometry have been
relatively neglected, with little work done to assess the capabilities of armed forces personnel.  
Military personnel are required to perform physically demanding tasks in both training and combat environments.
The South African National Defence Force (SANDF) is faced with a number of ergonomics issues relating largely
to the diversity and number of people employed throughout the country.  Task requirements often exceed the
capabilities of military personnel, with serious implications for personal safety and well-being.  The mis-match
between foot-soldiers and the requirements of their tasks is often manifested as an increase in the incidence of
injury.  Injury is often ignored as an important factor in mission success.
Isokinetic strength assessments have been shown to have a number of applications in medical, occupational and
sports-conditioning settings.  An isokinetic contraction is the muscular contraction that accompanies constant-
velocity limb movements about  joint or joints (Baltzopoulos and Brodie, 1989).  Isokinetic assessments include
the measurement of torque, work and power through a range of motion of a given limb.  A number of isokinetic
devices are commercially available, including the Cybex, Kin-com, Biodex and Merac systems (Abernethy et al.,
1995).  Isokinetic testing devices have gained increasing acceptance both as modalities for clinical strength
assessment and as means of rehabilitation (Perrin, 1993; Frisiello et al., 1994). 
A central consideration in the utility of isokinetic data relates to the use of peak torque (Nm) or total work (J) as the
indicator of efficient performance.  Charteris (1999) states that peak torque usually represents performance at
some (usually unspecified) point in the range of motion.   Like Perrin (1993) he argues that higher peak torques
are not a guarantee of greater total work outputs.  He regards “summated torques” or the area under the torque
curve as being the superior measure of full-range tension development and therefore work capacity.  
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Basic strength data have been collected on European and American soldiers (Knapik et al., 1996; Rayson et al.,
2000).  However, these data lack relevance in South African military contexts, as the morphological profiles of this
country’s people are very different.  In contrast to the situation in South Africa where little research is being
published, in the U.S.A. the monthly journal Military Medicine is devoted almost entirely to studies of the capabilities
of military personnel.
METHOD
Isokinetic performance measures were obtained using a CYBEX 6000 Isokinetic Dynamometer.  Standard
protocols were used according to the manufacturer's instructions (CYBEX, Division of Lumex, Inc., Ronkoncoma,
NY 11779).  Determination of the dominant upper-extremity was based on writing handedness.  Before testing
commenced the subjects were familiarised with the test procedures on the isokinetic dynamometer and completed
a number of trials at each of the testing speeds as part of the warm-up.
Testing involved four occupation-simulating tests (OSTs) that were completed in two different testing sessions with
the order of tests randomised for different groups.  The OSTs included the gripping, valve-turning, wrench-turning
and pulling/pushing tests.  Slow, medium and fast test speeds were used for each bout.  Cardiac responses were
measured using heart rate monitoring and perceptual measures assessed using Borg’s (1971) RPE scale.  
SUBJECT CHARACTERISTICS
Selection
Forty two subjects (volunteer male military personnel) were selected on the basis of their experience of military
training.  All were infantrymen, members of the South African National Defence Force, who were involved in
training or physical work on a regular basis.  All were healthy and free of clinical histories relative to any of the
joints tested.  No specific criteria were set for the selection of morphology or age.    
Demographic Data
The following measured or derived data were obtained before the commencement of testing: stature (mm); body
mass (kg); body fat (%) and lean body mass (kg).  The morphological data for the subjects are shown in Table I.
Table I:  Basic demographic data relative to the sample (N=42).
Measure Mean SD CV
Age (yr) 29.6 4.0 13.4  
Stature (mm) 1701.0    57.0   3.4
Body mass (kg) 68.0 8.0 11.0  
Body fat (%) 16.8 3.5 21.0  
Lean body mass 83.2 3.5 4.2
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RESEARCH PROTOCOL
Informed Consent 
Prior to testing, subjects were asked to sign informed consent documents.  The contents of the informed consent
were explained verbally and in a written document supplied to each subject.  The subject, the researcher and a
witness signed each form.  Ethical approval of this project via an institutional review process was a pre-requisite
of the study and the informed consent document and procedures formed part of this approval.
Pilot Study 
A pilot study was carried out to assess the viability of the test protocol.  Three male subjects completed the testing.
This pilot work was conducted under simulated conditions which attempted to mirror the actual test environment
as closely as possible.    
Replication of Maximal Work Output Levels 
In order to ensure that maximal efforts were being recorded a consistency criterion measure was employed.  This
measure followed the guidelines detailed by Charteris and James (2000) who offer a method for detection of work
effort-level consistency.   This method is founded on the assumption that it is not so much the torque developed
at the strongest point in the range of motion, but the torque developed through the entire range that counts.  Thus
the criterion for effort-level consistency evaluates total work output, not peak torque generated, and uses the
following formula:  
(mean work per repetition/best work repetition) x100
For infantrymen, who are involved in regular physical activity, the criterion for maximal effort was set at a level
of consistency of 90% for the mean/best work repetition.  In the present study, achieved consistency levels
across the battery of tests ranged from 89.5% to 95.9% over the 4-repetition exertions, leading credence to the
author’s contention that the efforts made  were indeed maximal.  
RESULTS
Mean Isokinetic Responses
Results showed highest overall strength expression was evidenced in the pulling/pushing OST.  Due to the nature
of the pulling/pushing test, the body mass-relative values recorded for torque, work and power were significantly
higher than those of any of the other OSTs.  The pulling action allowed for the use of a number of different muscle
groups of the upper- and lower-extremities, as well as the large muscle groups of the trunk.  Table II shows the
mean responses for the sample for the occupation-simulating tests at the slow isokinetic speed (30B.s-1). 
The infantrymen were able to choose their own techniques in the pulling/pushing test, with only the placement of
the leading foot being controlled.  In contrast to laboratory isokinetic tests (for example, knee extension/flexion)
in which the centre of the joint is aligned with the fulcrum of the input lever arm, OSTs are completed in the
absence of such alignment. 
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Table II:  Occupation-Simulating Test (OST) responses at a slow isokinetic speed (30B.s-1): comparisons across
                 joints tested.  (Means, with SD in brackets).
Joint Motion Peak Torque 
(Nm.kg-1)
Work Done
(J.kg-1)
Power Output
(W.kg-1)
Pulling/ Pulling 4.82 (0.83) 5.73 (0.93) 1.76 (0.58)
Pushing Pushing 3.50 (0.51) 4.36 (0.68) 1.28 (0.32)
Valve-  Left Rotation 1.15 (0.19) 1.94 (0.28) 0.44 (0.07)
Tightening Right Rotation 1.09 (0.18) 1.84 (0.28) 0.45 (0.17)
Wrench- Left Rotation 0.26 (0.05) 0.42 (0.08) 0.09 (0.02)
Turning Right Rotation 0.24 (0.05) 0.37 (0.08) 0.08 (0.02)
Gripping Squeezing 0.91 (0.20) 0.14 (0.07) 0.20 (0.07)
The wrench-turning test relied on much smaller upper-extremity muscle groups to turn the adapter through a  small
range of motion.  Relative values for torque, work and power, were therefore lower for this test than for the valve-
tightening test.  Moreover, subjects were also restricted via the use of velcro strapping to ensure that only  forearm
and upper-arm muscle groups (but not those of the torso) were responsible for force production.   The adapter
used for the wrench-turning test was small and was considered uncomfortable by many of the subjects.  This factor
may well have influenced the test responses of the infantrymen, but more accurately reflects responses under
“real-world” conditions. 
The gripping OST involved assessment through a very limited range of motion of fist-clenching.  Total work
responses are therefore low for this OST.  Peak torque values are reflective of the strength expression of the
muscles of the hand and the forearm which are significantly influenced by the type of training which the infantrymen
complete.  Everyday training and combat exercises involve extensive use of the hands and forearms, thus
contributing to improved force production in a test of grip strength.    
Opposite-Direction Ratios
The nature of the occupation-simulating isokinetic tests is such that there is no alignment of the dynamometer’s
fulcrum with the centre of a joint being tested.  While this precludes attributions of strength expression to specific
muscle-groups about well-defined musculo-skeletal levers (the essence of laboratory isokinetic tests), it has the
decided advantage of incorporating actions that more closely approximate “real-world” strength expression. 
Opposite-direction ratios for Occupation-Simulating tasks are presented in Table III.
Related t-tests were employed to assess opposite-direction peak torque, total work and average power responses.
Significant differences were observed in all but one of the t-tests.   Ratios for the valve-tightening and wrench-
turning tests were more consistent across the speeds.  The effects of velocity were shown to have less influence
on the peak torque outputs.  T-test analyses showed that peak torque values were only nominally different in the
valve-tightening and wrench-turning tests at both the slow and medium speeds with no significant differences
evidenced. Nominal differences in left and right rotation may well be explained in terms of the use of the dominant
hand as the major mover when making maximal efforts during the left turn.
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Table III: Opposite-Direction Ratios for Occupation-Simulating Tests (OSTs).
Speed
OST Ratios 30B.s-1 120B.s-1 210B.s-1
Torque Work Power Torque Work Power Torque Work Powe
r
Pulling/Pushing 1.39 1.33 1.40 1.22 1.32 1.39 1.04 1.18 1.23
Valve-tightening:
Left/Right
1.06 1.06 1.02 1.06 1.08 1.13 1.09 1.11 1.09
Wrench-turning:
Left/Right
1.10 1.17 1.21 1.09 1.12 1.12 1.14 1.14 1.15
No significant difference was observed for the peak torque values for pushing and pulling at the highest test speed
(210E.s-1), demonstrating how the dominance of a pulling action compared to a pushing action can be negated at
high execution speeds.
SELECTED PHYSIOLOGICAL AND PSYCHOPHYSICAL RESPONSES
Cardiac Frequency 
Procedures for the collection of heart rate responses were standardised for the occupation-simulating tests.
Readings were taken at the completion of each bout.  Subjects were allowed a period of familiarisation with the
heart rate monitor to ensure that the reference heart rates recorded were not elevated.  Reference heart rate refers
to the reading taken just prior to the commencement of the first testing session. The mean (and SD) reference
heart rate of the group was 79 (9.5) b.min-1.  
Table IV: Mean heart rate responses during Occupation-Simulating tests (values in brackets are SD).
HEART RATES (b.min-1)
Test
Battery
Test Slow Speed
(30E.s-1)
 
Relative to 
Reference
Heart
Rate(1)
Medium Speed
(120E.s-1)
Relative to
Reference
Heart Rate
Fast Speed
(210E.s-1)
Relative to
Reference
Heart Rate
Sig.
Level (3)
*
OSTs Valve-tightening 153 (17.71) 1.94 147 (20.66) 1.86 144 (19.24) 1.82 0.0713
Pulling/Pushing 145 (21.70) 1.84 147 (17.53) 1.86 146 (20.77) 1.85 0.8667
Wrench-turning 129 (20.38) 1.63 125 (17.95) 1.58 118 (20.00) 1.49 0.0561
Gripping (2) (30E.s-1) - (60E.s-1) - (90E.s-1) -
103 (13.84) 1.30 97 (13.14) 1.23 95 (14.79) 1.20 0.0304*
Notes: 1 Ratio for Observed Mean/Reference Mean
2 Gripping was carried out at different testing speeds
3 Statistical analysis by means of one-way ANOVA (Mean Heart Rate over Speed) * p # 0.05
Analysis of mean heart rates presented in Table IV by one-way ANOVA (mean heart rate over speed) showed
significant decreases in  mean heart rates for the gripping test over the velocity spectrum.   The other OSTs did
not show statistically significant decrements over the velocity spectrum.  These tests require  whole body actions
and elicit exertions from larger muscle groups, thus, the cardiovascular demands remain high even though
presentation of test speeds was randomised and recovery times maximised.  The principal muscles involved in
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valve-tightening are the anterior chest, shoulder and arm muscles and posterior shoulder, upper-back and arm
muscles.  This movement thus involves a large cross-sectional area of muscle in close proximity to the heart.  The
mean heart rate values increased 1.94 times from the reference value.  It is probable also that an increase in intra-
thoracic pressure could contribute to the higher cardiac frequencies for  the valve-turn test.  Greater intra-thoracic
pressure results in greater aortic pressure and a concomitant affect on immediate post-exertional heart rate.
Ratings of Perceived Exertion (RPE)
Borg (1982) identified one major drawback with ratio-scaling methods in that they do not provide any direct “levels”
for inter-individual comparisons.  Some subjects may rate tasks significantly differently when conditions change
very slightly.  When assessing RPE values it is therefore necessary to carefully scrutinise the data before making
generalisations about the way the subjects perceived certain tasks.  It is possible to identify some trends over the
slow, medium and fast speed which are evident in Table V.
Table V:  Mean RPE responses to occupation-simulating tests (with SD in brackets).
Speed
Test
Battery
Ratings of Perceived
Exertion (RPE) :
Slow
(30E.s-1)
Medium
(120E.s-1)
Fast
(210E.s-1)
OSTs Valve-tightening 16 (1.72) 13 (2.32) 11 (2.52)
Pulling/Pushing 15 (2.15) 12 (1.92) 10 (2.50)
Wrench-turning 16 (1.67) 12 (1.99) 10 (2.61)
(30E.s-1) (60E.s-1) (90E.s-1)
 Gripping 1 13 (2.41) 11 (2.24) 11 (2.57)
 1
 Gripping was carried out at different testing speeds
Analysis of these ratings by one-way ANOVA (RPE across speeds) showed significant differences in perceived
exertion as speed increases, except in the case of the gripping test.  Gripping RPE at the medium and fast speeds
were not significantly different with subjects perceiving the tasks to be very similar in terms of level of exertion.
The infantrymen perceived the slow speed tests to be more difficult and adjusted their ratings for each of the
medium and fast speeds.  Subjects associated testing velocity with the difficulty of the task, focusing on the
changes in speed rather than on the actual requirements of, for example, the wrench-turning or valve-tightening
test.  All slow speed tests showed RPE means of 13 or above, with the valve-tightening and wrench-turning tests
being perceived as the most demanding (mean RPE ratings of 16).  The least demanding task at the slow speed
was perceived to be the gripping test.  This could well be a result of the set-up of the gripping task which only
involved the closed grip or squeezing action.   At the medium speed, all RPE means were between 11 and 13, with
the valve-tightening OST showing the highest value (13).  
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CONCLUSIONS 
The present study has added to the field of isokinetics in establishing benchmark data on a sample unique to South
Africa.  Strength responses of this sample from indigenous military personnel have been comprehensively
evaluated and in this regard important data were presented.  The SANDF was also offered a number of
recommendations that could be utilized to increase overall efficiency of soldiers and enhance training programmes
in South Africa.
RECOMMENDATIONS
Based on the findings of the present study, a number of recommendations are made: 
1. Strength evaluations should be carried out across the spectrum of personnel, from those involved in
basic training to those involved in military relief operations.
2. Comparative studies should be carried out based on those already completed on infantrymen from
other countries  to establish some baseline performance levels for the SANDF.  Although the needs
of the infantrymen in the SANDF are different to those of personnel in other forces, there are still a
number of possibilities for collaborative work.
3. RPE ratings should not be recorded in a group context if valid results are required.
4. The SANDF is becoming increasingly focussed on the role of female personnel and data from the
present study lends itself to comparisons against similar testing presently underway on females.  This
is especially worthwhile with regard to OSTs, where actions are more suited to the assessment of
personnel for both non-combatant and combat-related tasks.  A greater understanding of indigenous
strength expression characteristics would thus be beneficial to Training Personnel in the SANDF and
possibly contribute to  a more combat-ready force.  Further use of the CYBEX 6000 “Work-Simulation”
package is also proposed, as closer simulation to military tasks would be more beneficial than would
be the case for extended testing using laboratory tests.
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